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Abstract: The fluorescent probe 
ROFRET contains a Bodipy molecular 
rotor connected via a short triazole-
based spacer to a fully alkylated 
Bodipy. Förster resonance energy 
transfer takes place from the rotor to 
the other Bodipy, and is enhanced to a 
limiting value as the viscosity of the 
solvent increases. Time-resolved 
spectroscopy and steady-state studies 
are consistent with both a forward and 
reverse energy transfer, and delayed 
fluorescence.     
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 Introduction 
Molecular environment-sensitive probes offer the opportunity to chart physical and structural alterations on the nanoscale.[1] 
Many areas of science have benefited from the unique information afforded by probes located within inaccessible spaces, 
which could not be collected by conventional techniques.[2] Response to pH,[3] polarity,[4] temperature,[5] extraneous metal 
ions,[6] poisons[7] and biomolecules[8] are common place. Luminescence has certainly been one of the most popular methods 
used for readout purposes, since it is highly sensitive and non-intrusive when employed for biological applications.[9] 
Temporal profiling is also possible with luminescence, so that timescales (e.g., picoseconds to milliseconds) for molecular 
events are achievable.[10] There are a wealth of fluorescent reporters to date, some of which are tailor-made for specific 
purposes such as reactive oxygen species (ROS) detection,[11] lipid mobility monitoring,[12] protein sequencing[13] and 
DNA/RNA recognition.[14] Certainly one of the most versatile classes of fluorescent reporters to date is based on the boron 
dipyrromethene (Bodipy) group.[15] Generally, the fully alkylated molecule is strongly fluorescent in fluid solution at room 
temperature.[16] It is very noticeable that fluorescence is much lower for certain fully non-alkylated versions, especially in 
non-viscous solvents.[17] There is an enhancement (ca. 4 fold) in fluorescence quantum yield as the solvent viscosity 
increases by around 10 cP.  The solvent viscosity effect is traced to a reduction in the non-radiative decay process, and the 
retardation in rotation of the meso aryl group with the increase in solvent viscosity.[18] As the aryl group  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Scheme 1. Simple cartoon representing forward and reverse EET in a Bodipy-based dyad and the partition coefficient . The equilibrium constant (K) is defined 
in terms of and the rates for forward and reverse energy transfer.  
 
rotates it distorts slightly the dipyrromethene backbone, which in turn affects the rate for non-radiative decay. The one 
problem with the first prototype so-called Bodipy molecular rotor was its low starting point fluorescence output. We were 
especially interested to see if the original signal could be enhanced, with no detrimental effect on the overall fluorescence 
viscosity response. It is documented that the absorption maximum for non-alkylated Bodipy derivatives (e.g., ROT) occurs 
at higher energy compared to the alkylated version, BD.[19]  Emission from ROT as a result overlaps particularly well with 
the absorption profile for BD. From basic theory efficient electronic energy transfer (EET) is expected between the two 
groups at separation distances less than the Förster radius (R<R0).
[20] For the designed dyad, ROFRET,[21] the triazole-alkyl 
spacer separates the two Bodipy groups by ca. 17Å, and electronically decouples the groups (Figure 1). At a simple level, the 
working of ROFRET relies on the rotor Bodipy sensitizing emission for BD, so that the more fluorescent Bodipy is now the 
reporter. There is also the interesting scenario where emission from BD overlaps to a small extent with absorption for ROT. 
Thus, reverse Förster EET is feasible,[22] especially since the fluorescence quantum yield for BD alone is high. Under these 
conditions the case would arise whereby the two Bodipy groups fluoresce with a common lifetime, and partitioning of 
energy between them is dependent on the rates for forward (kF) and reverse (kR) energy transfer (Scheme 1).
[23]  It is worth 
noting that at very short timescales after excitation the system is at non-equilibrium and attains equilibrium with a rate equal 
to kF + kR.
[24] The case is very reminiscent of that seen for linked pyrene-Ru(II)polypyridyl dyads.[25] Fluorescence spectra 
recorded for ROFRET in a series of alkanol solvents showed a steady increase in quantum yield but reached a plateau at 
around pentanol. The behaviour is different to simply ROT alone, and the dyad appears to only work over a narrow viscosity 
range. A positive feature is the much lower concentration of the probe needed to collect a reasonable output signal. This is 
certainly an advantage for the monitoring of fluorescence in environments where high dye concentration may cause cross 
signal contamination by intermolecular interactions.     
 
  
 
 
 
 
 
 
Figure 1. Chemical formulae of Bodipy compounds discussed in the main text. 
Results and Discussion 
Synthesis and Molecular Structure 
The preparation of the molecular dyad is shown in Scheme 1 (see Experimental), and involves coupling the azide 1 with 
the acetylene derivative 2 using “click chemistry”.[26] The final material was extensively purified by column chromatography 
to afford ROFRET in 87% yield as a red solid. Analytical techniques including NMR spectroscopy (1H, 13C, 19F, 11B) and 
mass spectrometry were consistent with the final structure. Both 11B and 19F NMR spectra revealed the presence of two 
slightly different Bodipy units. The chemical shifts for the boron and fluorines for the rotor part are shifted downfield with 
respect to the fully alkylated Bodipy. The clear singlet at 8.20 ppm in the 1H NMR spectrum is readily assigned to the 
triazole group. 
From inspection of ROFRET it is evident that the rotor Bodipy is susceptible to free rotation about the methylene 
connector. A basic precession cone is expected which will bring the rotor into close proximity to the reporter Bodipy. An 
energy-minimised structure calculated using Gaussian 03[27] and DFT (B3LYP) and a 6-311G basis set (see Supporting 
Information) places the two subunits ca. 17 Å apart. A more insightful picture into molecular conformations was obtained by 
commencing with the energy-minimised structure, and through a series of scan steps, altering the dihedral angle at the 
oxygen atom. To reduce computer run time the basis set was reduced to 3-21G (B3LYP). Further refinement involved 
minimising the energy of the structure at each dihedral angle. In this way a profile was constructed containing a series of 
structures for which the intramolecular BD to ROT separation distance varied (see Supporting Information). The energy 
difference between, for example, two conformations where the separation distances are 10.7 Å and 17.3 Å is only 5 kcal 
mol-1. We infer from the calculations that ROFRET is flexible enough to permit BD and ROT to easily sample numerous 
separation distances in fluid solution. In case of inter chromophore energy transfer this variation in distance suggests that the 
transfer time constant may differ as much as 20 times for different conformers.                
Absorption and Fluorescence 
The electronic absorption spectrum for ROFRET in MeOH is shown in Figure 2. The overall profile is a convincing 
superimposition of the absorption spectra for the two control compounds BD and ROT under identical conditions. The two 
main intense peaks at low-energy are the S0-S1 electronic transitions for the Bodipy. The peak maxima (ABS) are 497 nm 
and 524 nm, respectively. As seen previously, the HOMO-LUMO gap is affected by substitution of alkyl groups on the 
dipyrromethene backbone.[28] The energy gap is reduced by ca. 1000 cm-1 so that two clear maxima are observed for the two 
components. There is still appreciable overlap of bands (in the range 450 - 500 nm) from both components to render 
selective excitation of a single chromophore problematic.  
 
 
  
 
 
 
 
 
 
Figure 2. Room temperature normalised absorption spectra for ROFRET (black) , BD (light grey) and  ROT (dark grey) in MeOH. 
The fluorescence spectrum collected for a 1:1 mixture of BD and ROT in dilute MeOH, excited at 470 nm, is dominated by 
a profile centred at EM = 542 nm. A small shoulder is also seen situated at around 515 nm. The long wavelength band is 
assigned to emission from BD, while the shoulder is from ROT. The fully corrected fluorescence excitation spectrum is a 
poor match of the absorption profile (see Supporting Information). The spectrum resembles that observed for BD alone. The 
quantum yield of fluorescence (FLU) for isolated BD is about 16 times larger than ROT in dilute MeOH at room 
temperature. At the excitation wavelength BD absorbs only ca. 25% of the photons. Therefore, the fluorescence intensity for 
BD should be about 4 times larger than for ROT assuming the two components are non-interacting. The observed difference 
is somewhat similar, which suggest that intermolecular energy transfer between BD and ROT is negligible. The emission 
spectrum for ROFRET is again dominated by a sharp band at 542 nm, but the possible shoulder at 515 nm is a little more 
difficult to judge. In contrast, the peak is more discernible in OctOH (n-octanol), especially when compared to BD in the 
same solvent (see Supporting Information). Contrary to the 1:1 mixture case, the fully corrected fluorescence excitation 
spectrum for ROFRET in MeOH (and OctOH) matches well with the absorption profile over a wide spectral range (see 
Supporting Information). The measured FLU is 0.17 and fluorescence lifetime (s) in MeOH is 3.0 ns. Collected in Table 1 
are values for FLU and  s for ROFRET and the control compounds in the other solvents. The cumulative evidence supports 
the notion of efficient intramolecular energy transfer from ROT to BD. 
Table 1. Photophysical data for ROFRET, BD and ROT in alkanol solvents.  
Compound Solvent MeOH BuOH OctOH 
ROFRET FLU 0.17 0.26 0.28 
s / ns 3.0 3.9 4.8 
BD FLU 0.63 0.60 0.72 
s / ns 5.1 5.1 5.1 
ROT FLU 0.038 0.071 0.134 
s /ns 0.32 0.59 0.84 
Absorption and fluorescence spectra recorded for ROFRET in other alkanol solvents were similar to the MeOH case. 
Any small shifts observed in both ABS and EM are accounted for by changes in polarizability of the solvents. Again, 
fluorescence excitation spectra matched extremely well with the absorption spectra, in line with the view of efficient 
intramolecular energy transfer (see Supporting Information). Fluorescence spectra were also recorded for spin-coated dilute 
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 films of ROFRET in PMMA on glass (see Supporting Information). In such a rigid matrix the spinning of the phenylene 
paddle in the rotor Bodipy is reduced significantly. The FLU is maximised, but several disparate conformations for 
ROFRET are ‘locked’ within the rigid matrix. There is evidence for a low-intensity long-wavelength emission at around 
700 nm suggesting that a conformer is generated where the two Bodipy units are in close proximity. More distinctive is 
fluorescence from the rotor Bodipy, indicating conformers exist for which the efficiency of energy transfer is either reduced 
or delayed fluorescence is enhanced.   
 
 
 
 
 
 
 
Figure 3. Increase in the fluorescence intensity for ROFRET with change in selected alkanol solvents (first-CH3OH, second-C2H5OH, third-C3H7OH, fourth-
C4H9OH, fifth-C5H11OH, sixth-C8H17OH). Insert shows the change in FLU relative to methanol and corrected for refractive index changes for the solvents. 
A distinct increase in FLU (Figure 3) is noticed for optically matched solutions of ROFRET in linear alkanols. 
Correcting for small changes in the refractive index of the solvents across the series, the relative FLU increases and reaches a 
plateau at around pentanol. The same data re-plotted against viscosity shows that a levelling off occurs at around 6 cP.  The 
limiting FLU is ca. 0.28. The dyad ROFRET would only appear to respond to a narrow viscosity window. On a positive 
note the output signal is more discernible than for simple ROT alone, since the starting quantum yield is around 4.5 times 
greater.                  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.  Spectrum for ROFRET at 335 K in OctOH and deconvoluted into five Gaussian bands. Insert depicts the natural logarithm of the ratio of areas for 
the two Gaussian bands a and b with respect to 1/T. Slope = -755 K (R2 = 0.98).  
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 Temperature Dependence 
Fluorescence spectra for ROFRET were recorded in OctOH over a modest temperature range (294 K-335 K). Special focus 
on the shoulder at around 515 nm was made, looking especially for any changes in its intensity with temperature. With 
increasing temperature the overall fluorescence intensity decreased by ca. 40% and there was no discernible change in EM; 
there occurred to be a slight broadening in the band shape at high temperature as expected (see Supporting Information). 
Under identical conditions similar changes are observed for the control compound BD. Part of the alterations in intensity for 
both Bodipy compounds can be accounted for by the ca. 4% change in density of the solvent, and the modification in 
concentration of the solutes. Each spectrum for BD could be adequately deconvoluted into five Gaussian bands as shown in 
Figure 4. Recalling that the high-energy tail for each spectrum represents emission from ROT, the ratio of areas 
corresponding to a/b at each temperature showed a clear temperature dependence (Figure 4 insert). Fitting of the data to a 
basic Boltzmann distribution afforded an energy gap (E) of 525 cm-1. Considering the assumptions, E is in fairly good 
agreement with the spectroscopic energy gap (900 cm-1), and so part of the emission from ROFRET is due to delayed 
fluorescence.       
Spectral Overlap and Reverse Energy Transfer 
The emission from ROT overlaps extremely well with the absorption profile for BD in the three sample solvents (see 
Supporting Information). The Förster overlap integrals[29] calculated using Eq. 1 for forward EET from ROT to BD (JF) are 
collected in Table 2.   
 
 
 
Here, F() is the fluorescence intensity for ROT at wavenumber ,  and  is the molar absorption coefficient for BD at 
wavenumber ().  The denominator in the equation is used to normalise the fluorescence data.  
The variation in JF across the alkanol solvent series is rather modest. Interestingly, the low energy tail for emission from BD 
overlaps slightly with the absorption of ROT in all the alkanol solvents (see Supporting Information). It is possible to 
calculate the equivalent overlap integral (JR) for reverse EET by modification of Eq.1. In this case F() now relates to BD 
and  is the molar absorption coefficient for ROT at wavenumber (). The term energy donor and energy acceptor for 
ROFRET is meaningless under such conditions. The values for JR are around 100 times smaller than JF for all three 
solvents.  At first it appears that reverse EET need not be considered.  However, one point to recognise is the 16 fold 
difference in fluorescence quantum yields between ROT and BD. Hence, in calculating the Förster critical distance (R0) by 
Eq. 2, where 2 is the orientation factor, n is the refractive index, J is the overlap integral and the D is the quantum yield of 
the donor alone, the J x D terms for forward and reverse EET become more comparable (Table 2). The difference is about a 
factor of 10.        
 
                 
Graphically, the results are best represented in terms of the probability for forward (PF) and reverse (PR) EET using Eq. 3, at 
various separation distances R (Figure 5).[30] It is evident that at separation distances under ca. 20 Å the probabilities for both 
forward and reverse EET are reasonably high (>75%) and they are not too different. In contrast, at large separation distances 
the discrimination between PF and PR is significant to the point where the reverse process is unimportant.  
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 Table 2. Calculated parameters for Förster energy transfer in various solvents for ROFRET. 
Solvent JF 
10-13[d] 
JR 
10-15[d] 
ROT x JF  
10-14[d] 
BD x JR  
10-15[d] 
R0
F 
[e] 
R0
R[e] (R0
F/R0
R)6 
MeOH[a] 2.6 1.8 1.0 1.2 35 24.5 8.5 
BuOH[b] 2.9 2.8 2.1 1.7 38 25 12.3 
OctOH[c] 3.2 3.7 4.3 2.7 43 27 16.3 
[a] Methanol, [b] n-Butanol, [c] n-Octanol, [d] mmol-1 cm6, [e] calculated for 2 =0.66 and using n for the solvents.[31] 
 
 
 
 
 
 
 
 
Figure 5.  Probability for forward and reverse EET in ROFRET in OctOH (●), BuOH (▲) and MeOH (○). 
In the context of Figure 5 it is critical to evaluate the separation distance between the two chromophores in ROFRET. The 
DFT calculated energy-minimised structure for the dyad places the two Bodipy units ca. 17 Å apart. At this separation 
distance the ratio PF/PR varies only slightly from 1.10 (MeOH) to 1.09 (BuOH) and finally 1.06 (OctOH). The maximum 
separation of the two Bodipy groups is around 19 Å, and the discrimination between PF and PR increases somewhat for the 
three solvents (1.19-MeOH,1.17-BuOH, 1.11-OctOH). Different conformations for ROFRET in solution modulate the 
probability for intramolecular EET, but the short tether between the two chromophores does mean that the variation in PF/PR 
is rather modest. The effect of the change in PF/PR with solvent on the steady-state spectra qualitatively predicts that for 
moving along the alkanol series: (a) the emission ratios BD/ROT should decrease, and (b) the total emission intensity will 
increase (see Supporting Information). Both these predictions are experimentally observed. 
 
 
 
 
 
 
 
 
Figure 6. Up-conversion fluorescence decay data collected for ROFRET in octanol (▼), butanol (▲) and methanol (■). 
 
  
 
 
 
 
 
 
 
 
 
 
Figure 7. Differential transient absorption spectra recorded at different time delays (1.1 ps (-), 1.8 ps (---), 3.8 ps (), 35 ps (---), 1ns (--)) following 
excitation of ROFRET in OctOH with a 70 fs laser pulse at 395 nm. 
 
Time-Resolved Spectroscopy 
Steady-state fluorescence experiments are in full agreement with intramolecular energy transfer between the two Bodipy 
units in ROFRET. Based on calculations we should also expect to observe the effect of reverse Förster energy transfer, 
though one complication is the distribution of conformers from which  EET can take place. At a fast timescale probing the 
conformers are essentially frozen in time and EET events should be represented by a few decay components with lifetimes 
determined by a distance distribution.[32] Thus, to collect a more complete picture of the temporal events data were collected 
using both up-conversion spectroscopy and femtosecond pump-probe spectroscopy. Only three solvent systems were 
studied, and they denote different points on the FLU correlation curve (Figure 3). The up-conversion emission decay data 
collected for ROFRET in these three solvents are shown in Figure 6.  The monitoring wavelength was set at 500 nm in 
attempt to selectively collect emission from ROT within the dyad. The first point to note is the fast initial decay (region a) 
which is followed by a much slower decay (region b) which contributes to ca. 60% of the overall profile for the OctOH case. 
Changing the solvent to BuOH and finally MeOH afforded similar looking profiles (Figure 6), but the contribution for the 
long-lived component diminished.  
 Excitation of ROFRET in OctOH with a 70 fs laser pulse delivered at 395 nm resulted in a bleach effect as shown in Figure 
7. At the excitation wavelength ca. 30% of photons are absorbed by the BD unit in the dyad. At the very early time delay the 
profile appears to be dominated by bleaching from the rotor Bodipy (502 nm). A closer inspection reveals that there is also a 
contribution from the BD unit in the dyad. With increasing time delays this contribution increases to the expense of 
reduction in the bleach signal for the rotor Bodipy. At around 1 ns the transient profile appears to be only associated with BD 
from ROFRET. However, there is considerable absorption overlap for BD and ROT in the region around 500 nm. 
 
 
 
 
 
 
 
 
Figure 8. Transient absorption spectrum of ROFRET in OctOH right after excitation (dashed line) and decay component spectra obtained from global fit of 
transient absorption and emission decays (see text for details).  
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 The quantitative analysis of the time resolved data is complicated by the presence of conformers with different chromophore 
separation distances, and thus with different energy transfer time constants. Experimentally this is observed as non-
exponential conversion form initially bleached ROT to bleached BD state in transient absorption measurements (Figure 7), 
and non-exponential emission in 1-100 ps time frame (Figure 6). To model the case the decays were fitted by the sum of 
exponents with fixed proportion between the exponential components, i.e., a1 exp(-t/τ1) + a2exp(-t/τ2), where a1 + a2 = 1 and 
a1 and a2 do not depend on wavelength. This approach can be justified by the presence of two conformers which have 
identical spectra but different time constants of energy transfer. Furthermore, this decay function should apply equally well 
to both emission and transient absorption measurements, since in both cases the determining parameter is the concentration 
of the excited state. Therefore a global fit was applied simultaneously to emission and absorption data collected in the same 
solvents. The results of the fit for emission decays are presented by solid lines in Figure 6. An example of transient 
absorption fit results is shown in Figure 8, where the dashed curve shows time-resolved transient absorption spectrum 
directly after excitation.  This initial spectrum is mostly the ROT excited state, and the fast component represents the 
spectrum associated with an energy transfer transition from mainly excited ROT to the BD excited state. The final slow 
component corresponds to predominantly the BD excited state. Similar spectra were obtained for two other solvents (see 
Supporting Information). As expected from estimated dispersion in distances between different conformers, the variance 
between lifetimes was 10 - 20 times with the faster lifetime being of few picoseconds and the longer close to hundred 
picoseconds. An average energy transfer time constant was calculated as τav = a1×τ1 + a2×τ2, and was 39 ps in MeOH, 22 ps 
in BuOH, and 42 ps in OctOH, which is much shorter than the relaxation to the ground state 3 - 5 ns.         
Interpretation 
The time constant to achieve energy transfer equilibrium depicted in Scheme 1, τeq = (kF + kR)
−1, is reasonably shorter than 
the relaxation time constants of either of the chromophores. Using this information along with lifetime data (Table 1) the 
partitioning of energy between the two Bodipy chromophores can be evaluated (Table 3). Not too surprisingly the energy is 
almost exclusively localised on the BD unit within ROFRET. For quantitative characterization of equilibrium one can 
introduce the relative concentration of the excited state α = [BD*]eq/([BD*]eq + [ROT*]eq), which also can be expressed in 
terms of ratio of forward and reverse energy transfer rates, kF /kR = α/(1−α). Furthermore, the relative concentration can also 
be used to calculate the total or observed relaxation time constant as: 
τobs = ((1−α)/τROT + α/τBD)
−1   (Eq. 4) 
and can be estimated from the lifetimes collected in Table 1. It follows that the energy transfer rate constants are kF = α/τeq 
and kR = (1−α) /τeq and the results of the calculations are summarized in Table 3. 
Table 3. Calculated parameters for ROFRET in alkanol solvents  
Solvent   1- K[a] kF 10
9 
s-1 
kR 10
9 
s-1 
MeOH 0.95 0.05 19  32 1.6 
BuOH 0.96 0.04 24  44 1.8 
OctOH 0.99 0.01 99  21 0.27 
[a] Value calculated from spectroscopic data (Table 1), using the equation shown in Scheme 1 and where kF+ kR is taken as 
the fast component from up-conversion spectroscopy.   
There is a clear bias towards the photonic energy residing on the BD unit as the solvent viscosity increases. Whereas there is 
a slight variation in kF with change in viscosity, the reverse energy transfer process is ca. 7 fold slower for the OctOH case. 
Several studies have discussed the effect of solvent viscosity on intramolecular energy transfer in bimolecular reactions and 
flexible bi-chromophoric assemblies.[33]  Brownian dynamics simulations have been used to try and model the fluctuating 
distance between interacting chromophores, and relate this to Wilemski-Fixman theory.[34] The separation distances between 
chromophores capable of being sampled in ROFRET are considerably shorter than the Förster radius. Thus, any attempt to 
fully rationalise the viscosity effect is fraught with problems. It is possible that ROFRET does not sample the same 
conformer space in the more viscous OctOH solvent. And as consequence the population of a conformer that facilitates 
reverse energy transfer is less than in the other two solvent cases.  
Conclusion 
By using efficient intramolecular energy transfer the dyad ROFRET displays viscosity sensitive fluorescence response. The 
molecular system works differently to a ratiometric dyad viscosity sensor developed by Haidekker and co-workers.[35]  Here, 
the design encompassed the principle of FRET, but two distinctive emission bands could be observed. Emission from one 
band was independent of local viscosity whereas the other changed. Even though under steady state conditions only a single 
emission band is observed for ROFRET it appears at long wavelength and well away from possible autofluorescence that 
can hamper data collection in, for example, cell imaging. The “click chemistry” synthetic approach to ROFRET also opens 
 up a simple way to create a rotor viscosity library of dyads, especially sensors with dual responsive behaviour towards, for 
example, pH[36] and Reactive Oxygen Species (ROS).[37]   
Experimental Section 
All chemicals were purchased from commercial sources and used as received unless otherwise stated. Basic solvents for synthesis were dried using literature 
methods. Solvents for spectroscopic investigations were of the highest purity available. All preparations were carried out under N2 unless otherwise stated. The 
preparation of ROFRET is shown in Scheme 2. Compounds 1 and 2 were available from previous studies. Details for spectroscopic measurements are found in 
Supporting Information.  Computational calculations were performed using a 32-bit version of Gaussian 03 on a quadruple-core Intel Xeon system with 4GB 
RAM. The calculations were run in parallel, fully utilising the multi-core processor. Energy minimisation calculations were monitored using Molden and run in 
parallel with frequency calculations to ensure optimised geometries represented local minima.   
 
 
 
 
 
 
 
 
Scheme 2. Preparation of ROFRET using standard “click chemistry”.  
Preparation of ROFRET 
To a two-necked round-bottomed flask (250 mL) equipped with a magnetic stirrer was added compound 1 (20 mg, 0.054 mmol, 1 eq) and THF (40 mL 
previously purged with N2). To the mixture was added tris-[(1-benzyl-1H-1,2,3-triazol-4-yl)methyl]amine (TBTA) (6 mg, 0.011 mmol, 0.2 eq) and Cu (3 mg, 
0.047 mmol, 1 eq). The reaction was stirred at 24 °C for 1 hour, then over 10 minutes an aqueous solution of CuSO4·5H2O (2 mg, 0.021 mmol, 0.4 equiv) in 
H2O (50 ml) was added.  Finally compound 2 (25 mg, 0.062 mmol, 1 eq) in THF (10 ml) was added over 10 minutes, and the reaction was stirred at 40 °C for 5 
hours. The reaction was monitored by TLC until complete consumption of the starting material was observed. The aqueous layer was separated and extracted 
with CH2Cl2. The combined organics were dried (MgSO4), filtered and removed on a rotary evaporator. Purification of the crude compound via column 
chromatography (SiO2, eluant CH2Cl2 : petrol ether 50:50) and finally ethyl acetate afforded the desired product as a red solid. Yield (35 mg, 0.047 mmol, 87%).  
1H NMR (300 MHz, CDCl3):  = 0.89-0.94 (t, 6H), 1.27 (s, 6H), 2.20-2.28 (q, 4H), 2.48 (s, 6H), 5.36 (s, 2H), 6.48-6.49 (d, 2H), 6.90 (d, 2H), 7.13-7.16 (d, 2H), 
7.42-7.45 (d, 2H), 7.50-7.53 (d, 2H); 7.86-7.87(d, 2H); 7.90 (s, 2H); 8.20 (s, 1H, triazo-H). 13C NMR (75 MHz, CDCl3): δ = 11.02, 11.56, 13.46, 16.13, 28.71, 
29.70, 61.39, 114.06, 117.29, 119.92, 126.32, 129.45, 129.77, 130.32, 131.37, 131.51, 132.38, 134.05, 136.01, 136.43, 136.91, 1142.76, 143.84, 153.71, 159.79. 
11B NMR (128 MHz CDCl3): δ = 0.0959; 0.1864; -0.4570; -0.6822; -0.9073 (quintet J = 34.6, 28.6 Hz). 
19F NMR (376 MHz CDCl3): δ = -144.8861; -144.9544; 
-145.0283; -145.1023 (q, J = 28.6 Hz); δ = -145.5460; -145.6143; -145.6996; -145.7850 (q, J = 30.1 Hz). MALDI-MS calc. for C41H39B2N7F4O = 743.41 
observed = 742[M-H]+. 
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